Stimulus-driven reorienting in the ventral frontoparietal attention network: the role of emotional content by David W. Frank & Dean Sabatinelli
PERSPECTIVE ARTICLE
published: 01 May 2012
doi: 10.3389/fnhum.2012.00116
Stimulus-driven reorienting in the ventral frontoparietal
attention network: the role of emotional content
David W. Frank1* and Dean Sabatinelli 1,2
1 Department of Psychology, University of Georgia, Athens, GA, USA
2 BioImaging Research Center, University of Georgia, Athens, GA, USA
Edited by:
Hauke R. Heekeren, Freie
Universität Berlin, Germany
Reviewed by:
Luiz Pessoa, Brown University, USA
Gilles Pourtois, University of Ghent,
Belgium
*Correspondence:
David W. Frank, Department of
Psychology, University of Georgia,
Athens, GA 30602, USA.
e-mail: dwfrank@uga.edu
Activity in the human temporoparietal junction (TPJ) and inferior frontal gyrus (IFG)
is hypothesized to underlie stimulus-driven, or “bottom-up” attention reorienting.
Demanding tasks require focused attention, and as task difficulty increases, activity
suppression in the ventral network correlates positively with task performance, an effect
thought to reflect the gating of irrelevant cues. However, activation in these structures
is elicited by a range of stimulus features and task demands that vary across multiple
characteristics, complicating the interpretation of the functional role of this pathway.
Consideration of several current studies suggests that, in addition to task difficulty, the
motivational relevance or emotional intensity of distractor stimuli may supersede ongoing
task priority, and evoke ventral network activation. Support for this possibility is offered
from a review of recent reports, and the import of this perspective for models of attention
reorienting is discussed.
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The dorsal and ventral subdivisions of a frontoparietal network
are persistently involved in a process of categorizing stimuli,
determining the locus of attention, and disengaging and reori-
enting attention as necessary (Corbetta and Shulman, 2002).
The dorsal branch includes regions of the intraparietal sulcus
(IPS) and frontal eye fields (FEF), and tends to be active during
focused, goal directed attention to a particular target. The ven-
tral branch includes the temporoparietal junction (TPJ), inferior
frontal gyrus (IFG), and anterior insula, and is associated with
redirecting attention toward stimuli that are relevant to the imme-
diate goal, regardless of low-level perceptually salient features
such as color or contrast (Corbetta et al., 2008). For example,
in this frontoparietal visual attention model, while searching a
crowded train station for a friend wearing a white hat, the dorsal
branch would show sustained activity, while the ventral branch
would show transient activity each time a hat or piece of white
clothing is encountered.
While the ventral reorienting network is implicated in
responding to stimuli that are important to the task at hand,
the range of stimulus characteristics capable of eliciting ven-
tral network activation is loosely defined, and the opera-
tional definitions of relevance and salience differ widely across
studies. Moreover, despite our highly developed human abil-
ity to focus attention, we are compelled to attend to cues
that signal appetitive or aversive outcomes (Lang et al., 1997;
Mogg and Bradley, 1998). Thus, there is inherent sensitiv-
ity to emotional stimuli that influence attentional reorienting
independent of task-driven goals, that we consider an essen-
tial component of any functional model of the reorienting
process. The potential for higher order affective stimuli to
activate this ventral processing system is unknown, and may
play a distinct role in attention shifts away from task relevant
(“top-down”) and non-emotional perceptually salient stimuli
(“bottom-up”).
The purpose of this brief review is to consider the range of
tasks that have been shown to activate the ventral reorienting
network in an attempt to integrate and refine the concept of
task-relevance in this context. We separate the paradigms used
to assess ventral attention network activation into sections in
which we consider studies that use sensory change tasks, reori-
enting paradigms, or memory and virtual reality tasks. Our goal
is to clarify the specific conditions in which the ventral attention
network is recruited, and to highlight the potential role for emo-
tion in our understanding of the reorienting process by reviewing
recent imaging studies that we believe are particularly relevant.
By incorporating results across many distinct paradigms, we hope
to distill the stimulus features that elicit ventral network activa-
tion and refine how these features impact attention. Finally, we
discuss future studies that may incorporate emotional and task-
directed attention processes to investigate the functional range of
the ventral attention network.
SENSORY AND CONTEXTUAL CHANGE
In the absence of an ongoing behavioral task, the ventral attention
network is recruited in response to simple stimulus changes across
multiple modalities. Downar et al. (2000, 2001) presented partic-
ipants with simultaneous visual, auditory, and tactile stimuli, and
reported increased activity in TPJ, IFG, and insula when any of the
three stimuli changed. However, when participants were asked to
attend to changes in one modality while ignoring others, TPJ and
anterior insula showed enhanced activation only to task-relevant
sensory changes. The authors interpreted activation in the IFG
as reflecting a gating function that inhibits responses to stimuli
irrelevant to current goals. This is consistent with a perspective
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of the IFG as a motor inhibitory region in no-go conditions of
the go/no-go task (Konishi et al., 1999). These data are clearly
consistent with the hypothesized role of the ventral reorienting
network as a flexible change detector that promotes the continued
processing of a primary task in the face of potentially distracting
peripheral stimuli (Corbetta and Shulman, 2002).
Oddball tasks are also associated with ventral network activa-
tion. A typical two-stimulus oddball paradigm involves serial pre-
sentation of frequent stimuli (standards) mixed with infrequent
stimuli (targets), to which the participant responds according to
task instructions (Polich, 2007). While the dorsal attention net-
work appears to be activated by both standard and target stimuli,
the ventral network is only sensitive to targets (Mantini et al.,
2009). The ventral network is also responsive to deviant stim-
uli that are distinct from standards and targets (Marois et al.,
2000; Vossel et al., 2009). This engagement by deviant stimuli
in the ventral network is enhanced if stimuli characteristics are
far outside the perceptual range of standards and targets, such
as emotional face stimuli (Asplund et al., 2010). Thus, the ven-
tral attention network is active in the perception of repeated task
relevant stimuli, as well as in response to deviant task irrelevant
stimuli. This activity profile is in line with the conception that
the ventral frontoparietal network acts as an attentional “circuit
breaker,” such that it will redirect attention to a task irrelevant
stimulus if that stimulus is sufficiently atypical (Corbetta and
Shulman, 2002). The characteristics by which a task-irrelevant
stimulus meets this deviance threshold is currently undefined.
REORIENTING
A significant portion of the research in visual attention explores
the mechanisms of explicit reorienting. In a commonly used cue-
ing paradigm, a subject is asked to orient attention to a centrally
located predictive cue (e.g., an arrow) that informs the subject
to which side of their peripheral visual field a subsequent target
may appear (Posner, 1980). The central cue tends to elicit ven-
tral network activation, due to its predictive value and thus task
relevance. However, when a non-predictive cue occurring in the
periphery is presented (e.g., a highlighted box surrounding the
space in which a target may or may not appear), there is mini-
mal ventral network response. In both cases, the dorsal network
is recruited (Kim et al., 1999; Rosen et al., 1999).
While both dorsal and ventral attention pathways are active
during target presentation, the ventral branch shows enhanced
activity following invalid cues. In a recent report researchers used
a modified Posner cueing paradigm, replacing arrow cues with
human faces in which gaze direction predicted target location
(Engell et al., 2010). Participants showed behavioral performance
to invalidly cued targets consistent with the standard arrow cueing
paradigm. However, unlike the arrow cueing task, the ventral net-
work exhibited no increase in activation to targets invalidly cued
by gaze direction. Despite this inconsistent finding (which may
suggest distinct operating characteristics during non-standard
paradigms), the majority of reorienting studies report that the
ventral network is activated following a breach of expectation as a
target appears in an unexpected location (Arrington et al., 2000;
Corbetta et al., 2000; Hahn et al., 2006; Vossel et al., 2009). Thus,
the ventral network appears to be sensitive to all target-predictive
cues, and especially so in the absence of an expected presentation,
during the search and following reorienting process.
The ventral network also shows limited activity to task-
irrelevant stimuli that are operationally defined as salient. For
example, during target search, distractor stimuli in overlapping or
concurrent locations will activate dorsal but not ventral network
structures (de Fockert et al., 2004; Kincade et al., 2005). These dis-
tractors do elicit attention, as shown in behavioral measures, and
activate the dorsal network, but the ventral network is apparently
insensitive to task-irrelevant perceptual salience as it is defined in
these paradigms.
There are data to suggest that task-irrelevant stimuli defined as
salient can recruit the ventral network if they share features with
the target. For example, in a modified Posner cueing paradigm
(Indovina and Macaluso, 2007), target-colored distractors at the
unattended location elicited activity in IFG and TPJ, while no
activation was evident in response to checkerboard distractors
that shared few features of the colored targets. Consistent with
this effect, Serences et al. (2005) report enhanced activation in
the ventral network in response to flanking distractors that shared
the color of the central search target. To a lesser extent, non-target
colored peripheral letters also activated the ventral network, rela-
tive to gray letters. Thus, the level of ventral network recruitment
may be expressed as a function of target similarity, as the target
colored distractors elicited more activity than non-target colored
distractors, which in turn were more activating than gray letters.
These studies suggest that the ventral attention network is par-
ticularly sensitive to task relevant stimuli, regardless of distinctive
perceptual characteristics.
Thus far, task-relevance has signified stimuli that are
instructed targets or stimuli that share perceptual properties with
an instructed target. To explore the idea of task relevance further,
Natale et al. (2010) employed a peripheral reorienting paradigm
that elicited TPJ activity when peripheral distractors shared the
color of the target set in past trial blocks, although the current
target color had changed. These data suggest that TPJ activation
in this paradigm may be associated with conditioned priming by
target features that gradually shift to target changes. Consistent
with this, a recent study examined continuous cue stimuli that
predicted the location of an upcoming target (Geng andMangun,
2011). On selected trials, an additional colored stimulus that was
partially predictive of the gray location of the targets would also
be presented. This second colored stimulus shared no perceptual
features with the target, but elicited activation in the ventral net-
work. This study demonstrates that additional information that
may improve task performance can activate the ventral network,
despite a constant predictive cue. As this predictive information
need not be perceptually similar to the target, task-relevance may
represent a higher order of signal value than simple perceptual
similarity.
MEMORY AND VIRTUAL REALITY
The ventral network has also been shown to be active during
attention to potentially relevant stimuli for future memory
retrieval. When viewing a stream of objects varying in cate-
gory, the TPJ and IFG show increased activation in response
to objects that belong to contextual category of the target
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(Hampshire et al., 2007). Additionally, TPJ activation appears to
predict performance during target recall, showing less activ-
ity during successful relative to unsuccessful retrieval (Anticevic
et al., 2010b), perhaps reflecting the relationship between TPJ
and task relevance. In a recent study, authors demonstrated that
the TPJ may consist of anterior and posterior subregions that
are functionally and structurally separable from each other and
the intraparietal lobule (Mars et al., 2011). The authors sug-
gest that the anterior TPJ is implicated in attention processing
proper, while the posterior is involved in “social mentalization”
and movement (Gusnard et al., 2001). As the stimuli used in the
Hampshire and Anticevic papers mentioned above lack move-
ment and did not find TPJ activity in response to social cues, the
task-similar distractors used in these studies appear to activate
the anterior TPJ, though this does not preclude spatial overlap.
Thus, it appears that the TPJ is involved in the process of category
matching of stimuli in the visual field, according to task demands.
Researchers have constructed virtual reality environments in
an attempt to approximate “real world” contexts in the lab,
in order to extend the ecological validity of their results, and
to enable experimental manipulations that would be imprac-
tical or impossible in reality. In one such design, participants
navigated a virtual environment to a goal while avoiding unex-
pected obstacles in their path. In one condition, the color of
a building along a familiar path abruptly changed colors. This
drastic contextual change elicited TPJ activity (Iaria et al., 2008).
The authors interpreted this result as support for the ventral
frontoparietal network’s role in detecting unexpected stimuli in
real-life situations. In addition, the range of task relevance in
this virtual reality context might also include another persistent
task demand—harm avoidance. While a building changing color
in a computer-generated environment is certainly innocuous,
such a drastic context change in a realistic setting may represent
significant danger.
Therefore, if one were approaching a goal, the need to ignore
innocuous distractors may be measurable as an inhibition of
ventral network activity, but the need to respond to potentially
life-threatening events, such as a large, sudden stimulus change,
would be expect to override the need for attention focus and
interrupt ongoing processes to reorient and respond to the new
context (Löw et al., 2008; Bradley, 2009).
In another recent study, Nardo et al. (2011) asked partici-
pants to view movies in which the environments varied with
regard to peripheral distractor characteristics. In one condition,
participants viewed an environment in motion, as if they were
moving through it, and in another condition an unexpected
virtual human appeared in the environment. Previous research
has shown that the initial orienting response to the unexpected
appearance of a conspecific evokes sensory intake, behavioral
immobility, and preparation for action, as that conspecific may
be a threat (Löw et al., 2008; Bradley, 2009). Thus, the ventral
network showed enhanced activity in the unexpected human con-
dition, demonstrating that the ventral network can be sensitive
to task irrelevant stimuli in contexts in which sudden threats
must be processed. Perhaps in real-world environments, and thus
in human phylogeny, a critical role of the ventral network is to
orchestrate task relevance with survival relevant cue processing.
A ROLE FOR EMOTION IN REORIENTING
In many research programs, a primary research interest is to
describe the complex and highly developed mechanisms of atten-
tion that in some manner defines our unique human abilities.
Therefore, paradigms have been developed to extract and amplify
aspects of this process in a highly controlled fashion, far removed
from the contexts in which this behavior evolved. If we are to
understand the role of the ventral network in visual attention
we may need to expand the paradigms in which it is investi-
gated to include the range of stimuli and contexts in which the
behavior evolved. Certainly the emotionality of a given stimu-
lus plays a key role in our environmental interactions. Emotion
can be thought of as a disposition toward action in which we
approach appetitive and avoid aversive cues in the environment
to maximize fitness (Frijda, 1986; Lang et al., 1997). Many reports
demonstrate the attention-evoking nature of emotional stimuli.
Examples can be drawn from a wide variety of paradigms and
measures, and include the resistance of emotional words to atten-
tional blink (Anderson, 2005), the limiting of target detection
accuracy by expressive faces (Fox et al., 2001; Ohman et al., 2001;
Fox, 2002; Phelps et al., 2006), the extension of gaze fixations
toward emotional images (Calvo and Lang, 2004), event-related
potential discrimination of emotional stimuli (Johnston et al.,
1986; Naumann et al., 1992; Schupp et al., 2006; Foti et al.,
2009), and differential BOLD signal during affective processing
(Kensinger and Schacter, 2006; Sabatinelli et al., 2009). Emotional
faces have also been shown to improve performance of target dis-
crimination when used as primes (Pourtois et al., 2004; Brosch
et al., 2011). However, only dorsal attention regions appear to be
involved in reorienting (Armony and Dolan, 2002; Pourtois et al.,
2006). While it is surprising that the TPJ and IFG are not involved
in this process, this may reflect specialized processing of face stim-
uli. Faces may show unique activity, and therefore, other types
of distractors such as emotional scenes may yield distinct results.
In any case, affective stimuli play an important role in directing
attention.
Certainly a great deal of data is well described by the fron-
toparietal visual attention model, in which the dorsal and ventral
systems categorize stimuli, determine the locus of attention, and
disengage and reorienting attention (Corbetta et al., 2008). The
aim of this review was to explore the nature of stimuli that may
undergo varying degrees of processing via the ventral network
during focused attention. To briefly review, most studies inves-
tigating this issue have been conducted in laboratory settings
using highly circumscribed paradigms. From these studies we
can conclude that in the absence of a sustained focus of atten-
tion, any perceived stimulus change may increase ventral network
activation. However, once the individual is engaged in a spe-
cific task, the nature of stimuli capable of redirecting attention
and eliciting ventral network activity becomes restricted to those
that are target-similar or target-predictive. There is also evidence
for a task difficulty effect, whereby distractor stimuli are more
likely to be ignored as the difficulty of the primary task increases
(Anticevic et al., 2010b). Thus, during a task, perceptual distinc-
tiveness no longer draws attention, and will activate the ventral
network less so than task relevant stimuli, if at all. However,
perceptually distinct items may evoke ventral network activity, if
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sufficiently potent (Iaria et al., 2008). We suggest that this potency
reflects emotional intensity, such that stimuli that cue potentially
threatening (or highly appetitive) outcomes may serve to inter-
rupt ongoing processes and redirect attention, despite a top-down
instruction to persevere.
It may be possible to demonstrate ventral network activity
using a standard laboratory paradigm by presenting emotion-
ally intense stimuli as task-irrelevant distractors. One study has
included such a manipulation in a working-memory paradigm,
yet found equivalent TPJ activity in response to aversive and
neutral distractors (Anticevic et al., 2010b). In other working-
memory studies, activation in the IFG increases when subjects
are exposed to arousing unpleasant images. However, unlike the
TPJ, the IFG increases in activity during successful working-
memory trials when a negative distractor is present, but not
in the presence of neutral distractors (Anticevic et al., 2010a;
Shafer et al., 2012). Additionally, there appears to be a pos-
itive correlation between activation in the IFG and in the
amygdala (Dolcos et al., 2006). These studies suggest that the
IFG interfaces with the amygdala in some manner and may
result in diminished distractibility during emotional picture
processing. However, as these primary tasks do not require
reorienting, the pattern of results is likely to be paradigm-
specific.
Recent perspectives of the attentional framework suggest that
perceptually salient (exogenous), goal-directed (endogenous),
and emotional stimuli improve re-orienting success in an addi-
tive fashion (Brosch et al., 2011). This suggests that reorienting
depends on three separate functional mechanisms. Emotional
stimuli may, therefore, recruit regions in the ventral frontoparietal
network; namely the TPJ and IFG. While most studies have used
emotional faces to investigate this issue (Pourtois et al., 2012),
other distractors such as highly arousing naturalistic scenes may
also be employed, and may associated with somewhat different
effects.
It will be important for future work to locate the threshold at
which ecologically important distractors reorient attention away
from a central task. In one such study, participants might engage
in a target recognition task in which stimuli to be discriminated
are presented concurrently with task irrelevant peripheral dis-
tractors. For instance, one may adapt a paradigm that is known
to activate the ventral attention network via “top-down” dis-
tractor characteristics, such as used by Serences et al. (2005).
This modified study would consist of a centrally attended stream
of letters that is flanked by a variety of emotional or non-
emotional distractor pairs. In such a design, distractor charac-
teristics (e.g., emotional intensity, complexity) and task difficulty
may be manipulated to assess the boundaries of attention reori-
enting. As individual emotional states have also been shown to
influence attention (Fox et al., 2005, 2007; Koster et al., 2006),
this may also be a useful manipulation to consider. Another
potential study could involve an adaptation of the Posner cueing
paradigm in which distractors consist of target-similar stimuli,
abstract shapes, and emotionally arousing and neutral scenes
(cf. Indovina and Macaluso, 2007). Contrasting invalid target
presentations with invalid distractor stimuli, while manipulating
emotional arousal and stimulus complexity maymodulate ventral
network activity, thus clarifying the degree to which emotional
stimuli may impact this attentional process.
In summary, we propose that while the stimulus-driven ven-
tral attention network is clearly associated with the maintenance
of task focused attention, non-task related items that cue emo-
tional relevant outcomes might have privileged access as a result
of natural selection. Future work may focus on the nature of these
stimuli, and investigate the interaction of emotion and attention
in this ventral re-orienting process.
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